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1. INTRODUCTION
R |

* This memorandum records details of the results of an
Engine Performance Monitoring Trial carried out on the hercules
Aircraft of the RAAF during February-July 1977. The engine monitoring
procedures were developed as an aid to the Flight Engineer and the
Maintenance Section, so that the performance of the Allison T56
engines could be monitored more closely than is currently specified
in RAAF Squadron operating procedures, thus enabling engine operation
and maintenanc. action to be carried out more effectively. The
trdial was conducted on all hHercules aircraft operated by Wos. 36 and
37 Squadrons, and the initial analysis of results was carried out
by personnel from No. 48€ Squadron, who are responsible for
maintenance of these aircrafts.

The memorandun is divided into two sections:

a. Operating Instructions for Aircrew and Maintenance
Personnel, and

b- Results of Trial.

Details of the rationale behind the monitoring procedures

and overall conclusions on the trial are given in Reference 1, Part B.
%

2. OPERATING INSTRUCTIONS FOR AIRCREW AND MAINTEWNAWCE PERSONWNEL

Prior to undertaking the engine perforniiance monitoring
trial on the Allison T56 engines installed in the hercules aircraft,
discussions were held between HQSC project staff, and aircrew and
maintenance personnel of wos. 36, 37 and 486 Squadrons to define
procedures for the implementation of the trial. From these
discussions it was agreed that the flight engineer would record engine
data from all hercules aircraft operated by the RAAF whilst personnel
from the Maintenance Control Section (MCS) of 486 squadron would
have the responsibility for producing engine trend plots for torque
and fuel flow deviations. The procedures agreed upon are given
in Appendix 1l: these instructions were issued as an Annex to a RAAF,
hnQsC letter to operators, Reference 2.

3. ANALYSIS OF RESULTS OF TRIAL

As stated in Reference 1, the results of the tiial
were analysed in two ways. In tue first case, the monthly (engine)
service reports for the aircraft were examined to determine the
number of engines removed or rejected and to ascertain the cause;
in those cases in which performance monitoring could have been
expected to reflect the fault, the appropriate engine performance
trend plots were scanned to locate any significant deviation in
either the torque or fuel flow.
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In the seconu case, the remaining trend plots were
examined to locate deviations in tor.gue and/or fucl flow outside the
specified limits. lhere major gevidtions had occurred, tnese were
investigated in conjunction with tne appropriate Eb 500. (ihis form is
used by aircrew and maintenance personneél to record any aircraft/
engine fault and its subseguent rectification).

The results ortained frowm an analysis of engine remnovals
are given in section 3.1, entitled “Engine Reunovals/Rejections”,
wiiilst the results obtained from the second cdase are yiven in
section 3.2 under the heaaing “Faults not Associatea with Engine
Removals". In both cases tne results are presented as synopses of:

&. engine fault and/or information obtainea from
trend graphs, and

b. assessment of trend plot deviations (torque and
fuel flow), and their relevance to the particular
fault, either inferred or specified.

3.1 Engine Removals/Rejecticns

In the course of the trial a total of 37 enyines was
removea from service. Of these renovals:

- 12 were because the engines were time expireq,
- 9 wzre for oil leaks or low cil nressure,

- 2 were for metal contamination,

- 2 were for worn stator splines.

- 1 was for a bird strike,

- 1 was for a cracked gearbox assembly,

- 1 was for a cracked inlet housing.

- 5 were for compressor damage,

- 3 were for turbine damage,

- 1 was for Llue harness replacement, and

- 1 was for high toroue, low fuel flow and low turbine
inlet temperaturc (TIV).

From this list it was asdessed that only the latter 10 removals/
rejections warranted further investigation because they could wme
expected to modify thermodynamic performance of the engine, and
hence the trend plots for torque or fuel flow.




| A synopsis of the 10 engine removals is given below
together with references to the approyriate trend plots. Details
of engine histories and their associated delect reports are given
in Table 1.
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AY7-160

According tc the defect report for tnis aircraft, the
compressor of the number four engine was seriously damaged when
parts of the propeller cuff broke up and were ingested during a post
U service* test flight. The nature of this event would recuire tne
engine to uwe shut down immediately, preventing any use of the trend
plots.

A97-177

The number 4 engine or this aircraft was consistently
reported for high levels of torque and fuel flow in comparison with
the other three engines; this fact is confirned by the trena plots
given in Fig. 1, which consistently show low levels of torque for
engines 1, 2, 3 (and fuel flow ~ not given), indicating high torque
values for engine numier four. The results of the defect investiga-
tion for this engine are not known, hut the problem is most probably
associated with the temperature indicating system.

A97-180

In tuis defect report, several compressor blades, from
a number of blade rows of engine number 1, were found damaged during 1
a post flight engine check. As this damage would have occurred during
the previous fligiht there is little chance that tue effects of the
damage would have been indicated on the trenu plots. A perusal of
tne relevant trend graphs Proviucs confirmation.

A97-207

On engine number 2, one (only) turbine nozzle guide vane
was found cracked and eroded during a scheduled C service check.
Even though the damage was sufficient to reject the engine from
service, the degree of damage would not have been of sufficient
magnitude to have affected the gas path performance. Inspection of
the relevant trend plots also indicates no marked changes in either
the torque or fuel flow levels.

* A "D service” on a hercules aircraft is carried out every 1000
. hours and requires the removal of the aircraft from service. 1
: a "C service' is performed at 250 aour intervals and is normally
carried out at the operational level.
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g A97-208

buring a scheduled D servicing on engine number four,
several lst stage comprecsor lLlades were observed to be damaged,
this appeared to be the result of ingestion of a “foreign object”.
The degree of damage was assessed tc be sufficient to have modified
the gas pata performance, and would have been expected to have had
an effect on either the torgue or fuel flow trends. Inspection of
the trend plots failed to reveal the effects of this damage,
indicating, to date, tne lack of experience in relating okserved
damage and changes in performance.

A97-210

This defect, reported subsecuent to a post flight check
: on engine number 4, indicated chat a single first stage compressor
3 blade was twisted (from tie normal). This relatively minor damage
would not have been expected tc modify either the torque or fuel
flow trends.

On engine nuwber 4 a number of nozzle guide vanes and
combustor flame tubes were found cracked during a C service. From
- the degree of damage, it was considered that marked chanyes in the
gas path performance shoula have been indicated on the trend plots.
Analysis of both the torque and fuel flow trend graphs shows that
only six readings had been taken lefore the engine was removed;
consequently no change in performance would have been observed.

' AD7-212

_ Foreign object damage or the failure of an internal

L camponent of engine number 2 had caused numerous nicks and dents in

! the fourth stage turbine blades. The damage. found on a C servicing,

was considered to be sufficient to have modified the engine perfor-
mance. Inspection of the relevant trend graphs, prior to the

f discovery of the fault, failed to indicate any change in engine

performance.

A97-213

In comparison to the performance of engine number 4,
high levels of torygue and fuel flow were continually being reported
on engines 1, 2 and 3. Maintenance action on engine 4, subsequent
to its removal from the aircraft, indicated that a faulty harness
leading to the Temperature Datum amplifier was giving an over #

reading of the turbine inlet temperature., This fault would result
in low indicated torque and fuel flow values for that engine, or
conversely the apparent high trend values for the performance of
Lo . engines numbers 1, 2 and 3. Examination of the torque trends for

-t




this aircraft, given in Fig. 2, indicates a sudden increase in
torque level at point 46; the original torque level is restored at
point 88, after the faulty harness had been replaced ana the engine
reinstalled. It should be noted that the original failure was
indicated a considerakle time before maintenance acticn had been
initiated. (Also shown in Fig. 2 are the effects of a torque mis-
reading at ;oint 60, the correctea trend line is shown dotted).

AS7-214

On a C service a single turtine nczzle guide vane was
found crackea on engine number 4. As in the case of aircraf
A97-207, given above, even though the Llade damage was sufficient
to reject the engine from service, the degree of damage was too
small and localised to have had a measurable effect on either the
torque or fuel flow trend plots.

3.1.1 Resume

From the examination of 10 engine faults described
above, it can be stated that:

a. Five of the failures would not have been indicated
by the trend monitoring because the damage was too
small and localised to have had a significant
effect on the trend plots, or occurred on a flight
closely related to a schedule servicing.

b. Two werc not identified on the trend vwlots when it
was considered that a deviation siaould have occurred.

¢. One engine was removed before any significant
monitoring had occurred.

d. Two werc identified on the plots.
In the latter cases (d), the trend plots show that significant indica-
tions of the fault were apparent prior to maintenance being initiated.
In-flight trending of the engine ,erformance would have given a

much more rapid response to these engine malfunctions.

3.2 Faults not Associated with kngine Removals

From a general examination of the remaining trend plots
it was only possible to identify 13 other deviations (in either
torque or fuel flow) which were of sufficient magnitude for further
investigations to be undertaken with respect to the respective
LE 500 maintenance form.
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| Of these general faults:

- 8ix were identified on the EE 500 as being actual
faults,

- four were not identificd on the EE 500 but are
believed to be associated with an incipient fault,
and

- three were the result of either a rlotting or
misreaaing error.

A synopsis of the observed trends and the associated
causes for the deviations are given below, whilst details of the
aircraft, engine position, and type of deviation are summarized in
Table 2.

3 A97- 178

An extract from the torque trend plots for this aircraft
5 is given in Fig. 3 which shows that at point 30 there is a distinct
t change in the torque levels for engines 1, 2 and 3, indicating a
’ malfunction or change in the operation of the fourth engine.
(Similar indications are present on the fuel flow trends). Examina-
tion of the flight engineer’s raw data prior to point 30 shows that
the TIT of the fourth engine nad been suppressed by 20 30°C below
the value of the other 3, thus maintaining the torque and fuel
flow levels of all 4 engines at approximately the same value.
' Corrected trend plots for the 3 engines obtained by "artificially"
: increasing the TIT* of the fourth engine are given by the dotted
! line, wnich shows that "correct” torque level for engines 1-3

should have been at least 800 in. lb. below that of engine number 4.

Reference to the EE 50{ shows that at point 30 the
TIT harness had been changed in an endeavour to correct for the
difference in temperature/torgue levels. During subsequent engine
operation, all TIT's were helu at a common value with the result
that the torgue level of the No. 4 engiie is now only 300 in. 1lb.
greater than the average of engines 1, 2 and 3: this difference in
levels could be the result of thermocouple deterioration.

A97-180

Examination of the torque trends for aircraft 180 given
in Fig. 4 shows that between points 37 and 44 there is a sudden
drop in torque level for engines 1, 2 and 3, indicating a rise in
i the output of the fourth engine. Scrutiny of the BE 500's failed to
¢ indicate any malfunction associated with the reference engine,

‘ * At cruise power,
10% is equivalent to 250 in. lb. of torque.

16°C is equivalent to 20 1b. fuel/hr. ]
“ It should be noted that Imperial based units have been adhered to in

v this iMemorandum as they are still used, operationally, by the RAAF
) and the US manufactu: rs.

-




however cross checking the raw cata showeu that points 38-43 were
in fact applicable to aircraft A97-190 and had been inserted in
error. Reploctinc the data with points 37 and 44 seguentially
shows that there is no engine fault or change in performance:
analysis and plotting of the trends in flight would obviate this
error.

A97-190

A general survey of the torgue plot in Fig. 5 for engine
1 on aircraft 190 indicates tnat the torgue level had been gradual
ly falling, over a period of € weeks, until at about point 8l the
lcwer limit line :ras encountered. At point &3, thnere is a sudden
increase in torcue and the 'normal" mean level is re-establishcd.
Reference to the EE 500's shows that the torcue gauge was
replaced between points 82 and €3: it is not known how long the
flight engineer had been aware of the prolilem before reporting
this malfuncticn.

A97-205

Reference to the fuel flcw and torque trends given in
Figs. 6a and b for aircraft 205 shows marked deviations in these
values between points 106 and 110 on all three engires: this
benaviour is symptomatic of an indicating or control problem on the
fourth engine. The diagnosis was confirmea by reference to the
EE 500 wiiich showed that the Temperature Datum amplifier and
indicator were changed between pecints 109 and 110 on the No. 4
engine. Special note should be made of the dashed lines between
points 107 and 111, examination of the raw data showed that these
3 points were associateu with a different aircraft.

A97-206

Examination of the trend plots for this aircraft, (no
figures given) indicates a sudden rise and fall in both fuel flow
and torque levels for all tnree engines, suggesting a possible
malfuncticn of the fourth, reference engine. Cross reference to the
LE 500's did not substantiate the observed deviation; subsequent
investigation attributed the deviation to a reading error.

A97--208

The torque and {uel flow trenas given in Figs. 7a and 7b,
Lor aircraft 208, show that there are at least four distinct changes
in trend levels between points 5 and 45. On reference to the
original data recorded by the f.ight engineer it was determined that
the deviations at points 11-12 and at 26 in Fig. 7a were a direct
result of a gauge reading error for the lio. 4 and No. 2 engines
respectively. The deviation at point 15 was attrikutec to a
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misrepresentation of recorded data by personnel in the MCS. Corrected
trend curves are indicated by the dashed lines in Fig. 7a. At this
stage it must be stated that direct analysis and plotting of data

in flight would obviate these problems. The other deviation observed
between points 41 and 45 in Fig. 7b, was shown to be, on examination
of the EE 500, a direct result of an unserviceable fuel gauge.

A97-209

Reference to Figs. 8a and 8b, for aircraft 209 shows
that between points 1 and 146 when the monitoring trial was
discontinued, there had been a gradual rise in the fuel flow for
engine number 2 (a similar result was apparent for the torque trends)
and from point 100 the trend lines were above the upper limit line.
Analysis of these results suggests a serious deterioration of the
thermocouples in the Turbine Inlet Temperature indicating system;
examination of the kL 500 gives noc re;orted indication of this
malfunction. TFurther investigation, in an endeavour to isolate the
cause has revealed that the aircraft and the engine had been withdrawn
from service prior to disposal.

A97--210

No particular change or deviation occurred in the trend
plots throughout the recording neriod for this aircraft other than
a consistently large difference in power levels between engines 1
and 3. A total difference in torque of 1000 in. lb. (+600 and
-400 for Nos. 1 and 3, respectively) could always be observed.
Reference to the flight engineer‘s reportes indicates that the
aircraft would consistently yaw under normal flight conditions
{i.e. when the TIT was set to the same nominal value)- to equalize
the power levels, the TIT of one of the engines would have to be
changed by up tc 40°C. Comparison of the fuel flow levcls for
engines 1 and 3 indicated little variation from the accepted value;
consequently it can unly be concluded that one engine was down, and
the other one up on power with respect to the engine specification;
under these circumstances little can be done to alleviate the
operational problem other than matchiny and relocating the engines
to equalize the power on each wing.

A97-212

The torque trends for this aircraft show a slight but
consicstent rise in value for engines 1, 2 and 3, indicating an
incipient fault in the reference engine, No. 4. Cross checking, with
the LE 500's failed to give anv indication of the problem; with
the discontinuation of the monitoring trial no further information
on the current torque level was availalle.
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27-214

Reference to Fig. 9, shows that a sudden increase in
torque level, for engine number 2, occurs at point 45, this
increase is maintained up to point 58 after which the torque trend
returns to its previous level. Analysis of the EE 500's shows that
the torcue indicator and TIT system was moadified between points 56
and 58. It is perhaps relevant to note that this particular fault
was indicated by the trend plots some four weeks before maintenance
action was initiated.

A97-215

The torque trend for engine number 3, as given in Fig.
10, shows a sudden increase in levels at point 17, which was
maintained until the monitoring of performance trends was
discontinued. No explanation for the changes in levels can be
ascertained from the EE 500's and it is thought that, as with
A97-214, it could be an unrecognisec fault in the torque or TIT
indicating system.

) A97-216

- For this aircraft, the torque levels for engines 1, 2
and 3 have shown a gradual but consistent rise, reflecting a
change in the reference, fourth engine. The rise in torque levels
was not reflected in the fuel flow trends. &kxamination of the
EE 500's again failed to indicate a cause for this behaviour,
which is tinought to be associated with either the torque or
temperature indicating system on the reference engine.
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AIRCRAFT FRGINE FIGURE
NUMBEF. NUMBRER POSTNLON NG, TYPE .POSITION
* 178 LO€LTT 4 3 Torque 30
? 180 igeloe & 4 Torgue 37-45
* 190 L6208 1 5 Torque 82
* 205 101002 4 6 Torque/F . F 100-110
? 206 1015605 4 - - -
? 208 - 1,2,3 84 7 Torgue 10-27
» 208 01578 | 7 | Fuel Flow | 40-45
0 209 inoa0e 2 8 Fuel Flow 1-145
. 230 101660 i "}_.
{210 i01579 E - - -
212 i0le6ls6 4 - - -
* 214 101663 2 9 Torque 44-57
o 215 101608 1 10 Torque 16 »
o 216 100504 i _7_ _ - -
216 10664 2 ,rw
* (6) identified on EESO0U as being actual faults.

o (4

? (3) plotting or reading errors,

not identified on the EE50C but believed to be
associated with an incipvient fault,
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APPENDIX 1

ANNEX A TO HQSC 2602/75/76

ENC1iE PERFORMANCE MONITORIiiG PROCEDURES FOR ALLISON T56 ENGINES IN
ThE Cl30R AND E AIRCRAFT

References:

A. RAAF AAP 7211.011-i-1 Flight Manual Performance Data hercules
C130A.

BE. RAAF AAP 7211.012--1-1 Flight Manual C130:L Appendix 1 Ferformance
Data.

The inflight and ground engine monitoring procedures
detailed in the following sections should enable aircrew and
maintenance personnel to assess more readily the day to day perfor-
mance of the aircraft engines so enhancing aircraft safety and
providing guidelines for maintenance action.

2. Ground Performance/Monitoring Check.

a. On any occasion following engine installation or rectification
wheini a ground power check is carried out the following engine/
aircraft parameters are to be recorded:

(1) Time and date of check.
(2) Indicated Outside Air Temperature.
(3) Pressure Altitude.

(4) Increment of observed torque over that given in Figures 1 and
2 or Fiqure A3-3 of References A and B for C1l30A and Cl30E
' aircraft respectively.

. {5) Increment or decrement in fuel flow in comparison to that
given in Figures 1 and 2 of this Annex for C1l30A and Cl30E
aircraft respectively.

The changes in torque and fuel flows given above may be used to
re-establish trending levels subsequent to change of engine configura-

tion; detailed procedures are given in Section & and Figure 3 of
this Annex.

b. On the first flight of tne day, in the course of carrying out
pre-flight checks, with normal bleed air and auxiliaries operating,
| TIT and N set to 850 C and 13820 rpm (100%) respectively record

) the following engine/aircraft data on the EEl0-~Flight Engineers
Log Cl130 form:

(1) Time and date of check.

i (2) 1Indicated Outside Air Temperature preferably as given by the
control tower.

(3) Pressure Altitude.

(4) Prevailing wind conditions relative to the aircraft.

(5) Observed Torque, Ingines 1l-4.

(6) Observed Fuel Flow, Lngines 1-4.
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Al. (b)

3. Infligyht Monitoring Check:

a. Procedures. For meaningful trends to be obtained from perfor-
mance monitoring it is desirable to record data on each ard every
flicht: it is appreciated however that whilst the aeroplane is
being operated in a training roile it may not be possible for
sufficiently stabilized engine operating conditions to be obtained
which would allow accurate data to be recorded, consequently, whilst
operating in a training xole readings should be taken on an
opportunity basis and the engineers flight log appropriately
annotated. When cruise conditions prevail it is required that
engine/alrcraft data arc recorded for stabilized operating
conditions existing at the top of climb and thereafter at 2 hourly
intervals, if the fliught is not of sufficient duration, data at
the top of climb and just prior to descent should be recorded.

b. Data Required. With all 4 engines operating at 100% N1 and the
TIT's set to a common value the following information is to be
recorded once the engine instrumentation has stabilized:

(1) Tine and date of check.

(2) Indicated Outside Air Temperature.

(3) calibrated airspeed or sufficient data to obtain the same,
(4) Pressure altitude and cabin altitude.

(5) Observed Torgue, Engines 1-4.

(6) Observed Fuel Flow, Engines 1-4.

(7) Engine rpm (%).

(8) Engine TIT.

(9) Bleed and or auxiiiaries operating.

The above data when recorded on the EElQ Flight Engineers Log,

should be annctated Data Enc¢ine Performance Monitoring (DEPN)
results.

4. The information recorded in Sections 2 and 3 is to be
returned to the Maintenance Squadron as soon as possible after
each flight tc enable performance trendas to be determined and any
maintenance action deemed necessary to be carried out.

5. Trena rlotiing:

a. In determining performance trends for a given engine it is
normally mandatory to correct the observed data for variations in
ambient conditions. In the case of a rnulti-engined aircraft a
much more simple method has been evolved which uses one engine as




Al. (c)

a reference against which the remaining engines are compared, as
such no data ccrrection is required. The major problem with this
system is that if the specified reference engine is adjusted or
changed then new trends have to be commenced., however if a ground
power chec( is undertaken subsecuuent to installation then the
trending may be made continuous by determining the differences in
performance level between the 'new’ and 'old' reference engines.

b. Trend plcts may be determined as follows: using engine number
4 as a reference calculate for engines Nos. 1, 2 and 3 the following
increments (decrements) in torgue and fuel flow:

4 14 Toryue Torque No. 1 - Torque No. 4

4 24 Torque = Torque lio. 2 - 7loxque No. 4
4 34 Torque = Torgue No. 3 - Torque No. 4
4 14 FI = Fuel Flow Ho. 1 - Fuel Flow No. 4
4 24 FF = Fuel Flow No. 2 - Fuel Flow No. 4
4 34 FF = Fuel Flow No. 3 - Tr'uel !low No. 4

c. Plot increments (decrements) in torgque and fuel flow once per
flight in the manner indicated in Figure 4a. and 4b. respectively:
on flights of long duration more than one trend plot may be
determined thus minimizing errors in instrument readings.

d. Using the first 10 calculated-plotted points establish a mean
value of A torque and A fuel flow for each engine, then draw limit
lines representing a deviation of %500 in. 1lb. of torque and

+50 1lb/hr of fuel flow on each trend plot as shown.

e. If during subsequent performance trending of a particular
engine Or engines a consistent deviation in & torque and or A fuel
flow outside these limits occur (i.e. 3--5 consecutive readings)
then an analysis of the trends should be initiated in line with

the following criteria:

(1) 1If only one engine deviates outside the limit lines then
maintenance investigation should be initiated around that
engine.

(2) If 3 engines consistently deviate outside the limit lines
the fourth engine should be investigated.

f. The following general quidelines may be applied in investigating
a suspected engine malfunction:

(1) Low Torque - High Fuel Flow indication: ingpect for turbine/
combustor damage.

(2) Low Torgue - Low Fuel Flow indication: inspect for compressor
contamination or dawage.

(3) High Torque - higi Fuel Flow indication: suspect a thermocouple
deterioration.
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6. As mentioned in Section 5 once a change or adjustment has
been made to the reference engine (No. 4) the trend plots have to
be ‘'corrected' to account for changes in performance (torque and
fuel flow) for that engine. An indication of the new mean levels
can be obtained using installation ground power check data along
the lines indicated in Figqure 3. It should be noted however that
as the installation ground power check is carried out at maximum
power (as against the part load power checks carried out prior to
and in flight) the increments in levels calculated in Figure 3

can only be used as a guide to the airection and maximum amount of
movement of the new mean trend lines. In practice new mean levels
will have to be re-established using up to 10 plotted points,
subsequent to engine adjustment, in the manner described in
Section 5d. for each of the 3 engines. If at any time engines 1,
2 or 3 are changed then new mean values of torque and fuel flow
should be calculated for that engine irrespective of any results
of a ground performance check.

7. If in the course of trending the performance of the four
engines it is required to determine the perforniance of the
reference (No. 4) engine or one or more of the other 3 engines
then this can be achieved by comparing the indicated power and
fuel flow for the reference engine with that obtained from Figures
A2-1 and A2-2 of References A and B for C130A and Cl30E aircraft
respectively. (These graphs define the inflight power and fuel
flow available for a specification engine operating with normal
bleed flows and at 100% rpm.) Simple addition or subtraction of
deviations determined in Section 5b. will give the absolute perfor-
mance of the remaining three engines.

8. Caution. During the initial introduction of the
monitoring procedures caution should be exhibited in over reacting
to, and drawing conclusions from, single abrupt parameter changes.
if there is any doubt abcut the validity of a trend point obtained,
the data recording and calculations should be repeated. It

cannot be stressed often enough that in any manual monitoring
procedure the engine should be allowed to stabilize sufficiently
for the instruments to take up their true readings, in addition any
specified conditions such as constant TIT and N for all engines
should be strictly observed. Additional safeguards may be
achieved by restricting the trending analysis to records obtained
within a particular altitude range and enyine power setting: at
present no criteria or instructions in this regard are envisaged
but these may become necessary depending upon the progress of the
trial.
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FIGURE 3

TYPICAL VARIATIONS TO MEAN TORQUE AND FUEL FLOW LINES DUE TO CHANGE IN
SETTING OF REFERENCE ENGINE

As an example, consider the following ground performance data
obtained subsequent to adjustments made to the No. 4, reference, engine:
the data are applicable to a T56 A7 engine. ;

Torque ! Fuel Flow

! PA iOAT Indicated |[Estimated | Indicated! Estimated

Initial Installation O/SL]IS | 16680 16620 2072 2136
After Adjustment Wo 1 | 1000125 15000 14780 1920 2010
After Adjustment No 2 iO/SL;lS 16880 16620 2136 2136

Initial Installation

Increment in Torque = 4 TORg = IND - LST = 16080 ~ 16620 = 60
Increment in Fuel Flow = A FFO = IND ~ EST = 2072 - 2136 = -64
- After Adjustment ho. 1
Increment in Torgue = A TOR, = IND - EST = 15000 - 1478G = 220
= ~-90

Increment in Fuel Flow = A Fl = IND -~ EST = 1920 - 2010

Max. change in mean lines for Engines Ho. 1-3
a. Torque = A TORO -4 TOR1 = 60 - 220 = =160

b, Fuel Flow = A FFy - A FFy = -64 - (-90) = +26

The effect of a. is to lower the mean torque lines of engines
! 1-3 by a maximum of up to ~160 in. lb. of torque whilst that of b.
is to raise the mean fuel flow levels by up to 26 lb/hr; the results
for a typical installation are shown in the sketch below.

After Adjustment wo. 2

: Increment in Torgque = A T0R2 = IND - EST = 16880 - 16620 = 260
Increment in Fuel Flow = A FF2 = IND « EET = 2136 -~ 2136 = O

Max, change in mean lines for Engines No. 1 3
a, Torque = A TOR; -~ A TOR, = 220 - 2060 = -40
b, Fuel Flow = 4 §Fl ~ AT 2= ~90 ~(~0) = -90

In this case the effect of a. and b., as seen in the sketch below, is

to lower the mean lines for both torque and fuel by a maximum of -40

in. 1lb. of torque and -90 lb/hr of fuel flow respectively. These

; changes are applicable to engines number 1-3., It should be noted

‘ however that the changes indicated, for both mean torque and fuel flow

levels, are only given to represent trends and should not be taken as 3
denoting the absolute position of the mean lines after an adjustment :
or change has been made to the number 4 engine.
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